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© Novel 4-aroylimidazolidin-2-ones. 

(&?) This invention relates to aroyl-2-imidazolidinones of the 
following general structure which are useful as cardiotonics 
and antihypertensive agents 




Ar 



N 

o 



N 



\ 



wherein Ar is furanyl, thienyl, 1/V-pyrrolyl, or phenyl option- 
ally substituted with one or two X groups; X is halogen, 
hydroxy, lower alkyl, lower aikoxy, lower alkylthio, lower 
alkylsulfoxide, lower alkylsulphone. trifluoromethyl, 
-SO ? N(R 2 ) 2 , NR 3 ,R 4 , pyrrolidine, piperidino, morpholtno, 
piperazino or N -alkyl-piperazino; R is hydrogen, lower alkyl, 
lower alkylcarbonyl or benzoyl; each of R 1( R 2 , R 3 and R 4 is 
hydrogen or lower alkyl; T is an oxygen atom or a divalent 
sulfur atom; and the pharmaceutical^ acceptable salts 
thereof. 
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NOVEL U-ARQYLIMIDAZOLIPIN-2-ONES 
FIELD OF THE INVENTION 
This invention relates to ^-aroylimidazolidin-2-cnes 
and their use as antihypertensives, cardiotonics and 
antithrombotics . 

SUMMARY OF THE INVENTION 
5 - This invention is directed to pharmaceutically active 

4-aroylimidazolidin-2-ones of* general Formula 1 



T 




N N 

O Formula 1 

wherein Ar is furahyl, thienyl, lH-pyrrolyl, phenyl, 
substituted phenyl • substituted at the ortho, meta or para 

10 "position with X a , or disubstituted phenyl substituted 

at the ortho, meta or para position with X 2 and substi- 
tuted at the meta or para position with X 3 ; X is halogen, 
hydroxy, lower alkyl, lower alkoxy, lower alkylthio , 
lower alkylsulf oxide, lower alkylsulphone , trifluorc- 

15 methyl, -SC 2 N(R 2 ) 2 , NR 3 R u , pyrrolidine), piperidino, 

mcrpholino, piperazino or N'-alkyl-piperazino; X 2 and X 
are halogen, hydroxy, lower alkyl, lower alkoxy or when 
X a and X 3 are substituted on adjacent carbon atoms cf 
the phenyl ring together they may form a methylenedioxy ; 
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R is hydrogen, lower alkyl, lower alkylcarbonyl or ben- 
zoyl; each of R Xj R a , R 3 and R ft is hydrogen or lower 
alkyl; T is an oxygen atom or a divalent sulfur atom; and 
the phannaceutically acceptable salts thereof. These 
5 compounds are useful as antihypertensives, cardiotonics 

and antithrombotics. 

' DESCRIPTION "OF THE PREFERRED EMBODIMENTS 
As used herein, the term "lower alkyl" includes 
straight or branched^chain alkyl of from 1 to 4 carbon 
10 atoms such as methyl, ethyl, propyl, isopropyl, n-butyl 

and Isobutyl. 

As used herein, the term "lower alkoxy" includes 
straight or branched chain alkoxy of from 1 to 4 carbon 
atoms such as methoxy, ethoxy, n-propoxy, Isopropoxy, 
15 n-butoxy and isobutoxy. 

As used herein, the term "halogen 1 ™ Includes fluorine 
chlorine, bromine or iodine. 

As used herein, the term "hallde" includes fluoride, 
chloride, bromide or iodide. 
20 As used herein, the term "lower alkylthio" Includes 

straight or branched chain alkylthlo of from 1 to 4 
carbon atoms such as methylthio, ethylthio, n-propylthio, 
isopropylthio, n-butylthio and isobutylthio . 

As used herein, the term "methylenedioxy" is taken 
25 to mean methylenedioxy which may be substituted by one 

or two methyl groups, that is ethylenedioxy or isopropyli 
denedioxy . 

As used herein, the term "benzoyl" is taken to mean 
a group of the formula, -{COJC^Kg. 
30 As used herein, the term "lower alkylcarbonyl" is 

taken to mean a group of the structure 

0 
II 

-C-alkyl 

wherein the alkyl moiety is a straight or branched chain 
alkyl of from 1 to 4 carbon atoms such as methyl, ethyl, 
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n-propyl, isopropyl," n-butyl and isobutyl. 

Ab used herein, the term n N Galley l~piperazlno'* is 
taken to mean a group of the structure 



N-alkyl 



5 wherein the alkyl moiety is a straight or branched chain 

alkyl of from 1 to 4 carbon atoms such as methyl, ethyl, 
n-propyl, isopropyl, n-butyl and isobutyl. 

As used herein, the term ^furanyl" includes 2-furanyl 
and 3-furanyl. 

10 As used herein, the term "thienyl" includes 2-thienyl 

and 3-thienyl. 

As used herein, the term n pyrridyi" includes 2- 
pyrridyl, 3-pyrridyl and 4-pyrridyl. 

As used herein, the term lH-pyrrolyl" includes 2- 
15 (IH-pyrrclyl) and 3-ClH-pyrrolyl) . 

As used herein, the term "lower alkyl sulfoxide" is 
taken to mean a group of the formula 

o 
II 

-S-alkyl 

wherein the alkyl moiety is a straight or branched chain 
20 alkyl of from 1 to 4 carbon atoms such as methyl, ethyl, 

n-propyl, isopropyl, n-butyl and isobutyl. 

As used herein, the term "lower alkyl sulfcne" is 
taken to mean a group of the formula 

o 

it 

-S-alkyl 
- II 
O 

25 wherein the alkyl moiety is a straight or branched chain 

alkyl of from 1 to 4 carbon atoms such as methyl, ethyl, 
n-propyl, isoprcpyl, n-butyl and isobutyl. 
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The preferred compounds of this invention are those 
compounds of Formula 1 wherein R is hydrogen; T is an 
oxygen atom; and wherein X , X 2 and X 3 are halogen, lower 
alkyl, lower alkoxy, lower alkylthio or X a and X 3 together 
are methylenedioxy . 

The more preferred compounds of this invention are 
those compounds of Formula 1 wherein T is an oxygen atom; 
R is hydrogen; and Ar is phenyl, monosubstituted phenyl 
or disubstituted phenyl wherein X l3 X 2 and X 3 are lower 
alkyl, lower alkoxy, lower alkylthio or X 2 and X 3 to- 
gether are methylenedioxy. 

The most preferred compounds of this invention are 
those compounds of Formula 1 wherein T is an oxygen atom; 
R is hydrogen; Ar is phenyl or monosubstituted phenyl; 
and Xi is lower alkyl, lower alkoxy or lower alkylthio". 

As examples of compounds of general Formula 1 there 
may be mentioned the following: 
4-benzoyl-5-niethyl-2-iniidazolidinone ; 
U-ethyl-5-( 3-thienoyl ) -2-imidazolidinone ; 
1 , 3-dimethyl-4-ethyl-5-( 3 > 4-methylenedicxybenzoyl ) -2- 
imidazolidinone ; 

4-( 3-sulf onamidobenzoyl ) -2-imidazolidincne ; 

1, 3-diacetyl-U— [ 4-nie^hyi( thiocensoyi ) ]-2-imidazclidincne ; 

4-( 2-methoxybenzoyl) -2-imidazolidincne ; 

4-( 2-f uranoyl) -5~isopropyl-2-imidazolidinone ; 

4-[ 4-dimethylamino ( thiobenzoyl ) j-2-imidazolidincne ; 

4-ethyl-5-( 3-pyrrolidinobenzcyl)-2-imidazoiidinone ; 

1, 3-dibenzoyl-4-C k-methylpiperazinobensoyl) -2- 

imidazclidinone ; 

4-[ 2 , ^-dibrcmo Cthiobenzoyi ) j-2-imidazclidinor.e ; 

4-[ 3 , ^-dimethyl Cthiobenzoyi ) ] -5-methyl-2-imidazolidincne ; 

U_ ( 2 y U-dimethoxybenzoyl ) -2-iir.idazolidinone ; 

4-ethyl-5- ( * x 4-methylenedioxybenzoyl ) -2-imidazolidincne ; 

4-C2-pyrroloyl) -2-imidazoiidincne ; 

4-( 3-hydroxybenzoyl) -2-Imldazclidincne ; 
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4-C2 5 5-dichlorobensoyl) -2-imidazolidinone ; 
4-butyl-5-( 2 ,5-dihydroxybenzoyl) -2-imidazolidinone j 
4-[ 2 , 5 -dimethyl Cthiobenzoy 1 > ]-2-lmidazolidinone ; and 
U-methyl-5-C^-niorpholinobenzoyl) -2-imidazolidinone . 
5 Those compounds of Formula 1 wherein R is hydrogen 

are acidic and may form pharmaceut ically active salts 
of Formula 2 




Formula 2 

10 wherein Ar, T and R x are as defined in Formula 1, and M 

is a pharmaceutically acceptable alkali metal such as 
sodium or potassium; alkaline earth metal such as calcium 
or magnesium; transition metal such as zinc or iron; main 
group metal- 

15 In general 5 the compounds of this invention are 

prepared by standard techniques analogously known in the 
art . 

More specifically , the U-aroyl-2-imidazolidinones of 
this Invention wherein R is hydrogen and T is an oxygen 
20 atom may be prepared by reacting an appropriate imidazcli- 

dine carboxylic acid of formula 




O 
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wherein R x is as defined in Formula 1 with an appropriate 
aromatic compound, that is, furan, thiophene, pyrrol, 
benzene or substituted benzene, and polyphosphoric 
acid CPPA) • This reaction is performed with or without 
added solvent, by mixing about 1 molar equivalent of the 
appropriate imidazolidine carboxylic acid with about 1 
molar equivalent to about 10 molar equivalents, preferably 
about 2 molar equivalents of PPA. About 1 molar equiva- 
lent to about 10 molar equivalents, preferably about 1.1 
molar equivalents of the appropriate aromatic compound 
is added, preferably dropwise, to the mixture of imida- 
zolidine carboxylic acid, PPA and the reaction is allowed 
to proceed for about 1/2 hour to about 2*4 hours, pre- 
ferably about 1 hour depending on the reactants, the 
solvent, if any, and the temperature which can be frcm 
about 0°C to about 125°C. preferably about 50° to 100°C, 
most preferably about 8Q°C. The resulting aroylimidazo- 
lidin-2-one may be isolated from the reaction mixture by 
any suitable art-known procedure, preferably by quenching 
the reaction mixture with ice water and subsequently 
removing the product by filtration or solvent extraction. 

Although this reaction is preferably performed 
without added solvent, if solvent is desired, xylene is 
preferred. Other suitable solvents are any ncnreactive 
solvents, for example, petroleum ethers; chlorinated 
hydrocarbons such as chloroform, methylene chloride or 
carbon tetrachloride; carbon disulfide; or ethereal 
solvents such as diethylether , tetrahydrofuran or o- 
dioxan. 

Alternatively, the ^-aroyl-2-imidasolidinones of 
this invention wherein R is hydrogen or lower alkyl- 
carbcnyl and T is an oxygen atom may be prepared by 
reacting an appropriate imidazolidine acid halide of 
formula U 
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N N 

»' Y \ 

o 

Formula 4 

wherein R is lower alkylcarbonyl , Y is bromine, iodine 
or preferably chlorine, and H A is as defined in Formula 1 
with an appropriate aromatic compound, that is, furan, 
thiophene, pyrrol, benzene or substituted benzene and a 
Lewis acid catalyst. This reaction is performed by mincing 
a suitable solvent and about 1 molar equivalent of the 
appropriate imidazolidine acid halide with about 1 molar 
equivalent to about 10 molar equivalents, preferably 
about 2 molar equivalents, of a Lewis acid catalyst. 
About 1 to about 10 molar equivalents, preferably about 
1.1 molar equivalents of the appropriate aromatic compound 
is added, preferably dropwise, to the mixture of imidazo- 
lidine acid halide, Lewis acid catalyst and solvent. The 
reaction is allowed to proceed for about 1/2 hour to about 
24 hours, preferably about 1 hour depending on the react- 
ants, the solvent and the temperature which can be from 
about 0°C to about 125°C, preferably about 50° to 100°C. 
The resulting aroylimidazolidin-2-one may be isolated 
from the reaction mixture by any suitable art -known 
procedure, preferably by quenching the reaction mixture 
with ice water and subsequently removing the product 
by filtration or solvent extraction. 

If compounds of Formula 1 wherein R is hydrogen are 
desired, they may be prepared from the corresponding 
Jj-aroyl-2-imidazclidinone prepared abcve wherein R is 
lower alkylcarbcnyl by acid hydrolysis via procedures 
generally known in the art. Suitable acids for this 
reaction are hydrochloric acid or sulfuric acid. 
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When desired, compounds of general Formula 1 where- 
in T is a divalent sulfur atom may be prepared from the 
corresponding compound wherein T is an oxygen atom by 
treatment with P 2 S 3 . This reaction is performed by 
mixing about 1 molar equivalent of the appropriate 
imidazolidin-2-one wherein T is an oxygen atom with 
about 1 molar equivalent to about 10 molar equivalents, 
preferably about 1..1 molar equivalents, of P 2 S 5 and a 
solvent. The reaction is allowed to proceed for about 
1/2 to about 10 hours, preferably about 1 hour, depending 
on the reactant, the solvent and the temperature which 
can be from about 25° to about 125°C, preferably about 
100°C. The resulting 2-imidazolidinone , wherein T is 
a divalent sulfur atom, may be isolated from the reaction 
mixture by any suitable art-known procedure such as by" 
quenching the reaction mixture with ice water and sub- 
sequently removing the product by filtration or extrac- 
tion and solvent removal. 

Suitable solvents for use in the above-described " 
sulfuration reaction are any non-reactive solvent, for 
example, petroleum ethers; chlorinated hydrocarbons such 
as chloroform, methylene chloride, carbon tetrachloride 
or ethylene dichloride; carbon disulfide; ethereal 
solvents such as diethyl ether, tetrahydrof uran or 
o-dioxan; alcoholic solvents such as methanol, ethanol, 
t^-butanol or ethylene glycol; and aromatic solvents such 
as o-xylene or preferably toluene. 

When desired, one cr both of the nitrogen atoms of 
the 2-imida2olidinone ring may be substituted with an 
alkyl group by any art-known procedure. Such methods 
include reacting the appropriate N-unsubstituted 
2-imidazolidinone of this invention with a base and an 
alkylating agent in the presence of an unreactive solvent 
Suitable cases for this reaction can be, for example y 
a hydride such as sodium hydride or calcium hydride; 
a carbonate or bicarbonate such as sodium carbonate or 
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sodium bicarbonate; a phenoxide such as sodium phenoxide; 
an alkoxide such as sodium ethoxide ; or preferably a 
hydroxide such as sodium hydroxide. Suitable alkylating 
agents for this reaction are, for example, an alkyl 
5 halide such as methyl chloride, methyl bromide, or 

methyl iodide; or a dialkylsulf ate such as dimethyl- 
sulfate. Suitable unreactive solvents are, for example, 
petroleum ethers; chlorinated hydrocarbons such as 
carbon tetrachloride, chloroform, or methylene chloride; 
10 chlorinated aromatics such as 1,2,^-trichlorobenzene, 

o-dichlorobenzene , or chlorobenzene; carbon disulfide; 
nitrobenzene; ethereal solvents such as diethyl ether, 
tetrahydrof uran or o-dioxan; aromatic solvents such as 
benzene, toluene, or xylene; or preferably the polar 
15 aprotic solvents such as dimethylf ormamide (DMF) or 

dimethylsulfoxide (DMSO). The reaction is allowed to 
proceed from about 1 minute to about 1 hour and the 
temperature may be from about 0°C to about 100° C, pre- 
ferably about 25°C. When it is desired that only one of 
20 the 2-imidazolidinone nitrogen atoms be substituted with 

an alkyl group, the appropriate lmidazolidin-2-or.e is 
reacted with from about 1 molar equivalent to about 10 
molar equivalents of a base, preferably about 1 mclar 
equivalent and with about 1 molar equivalent of an 
25 alkylating agent. Utilizing this procedure, both possible 

monoalkylated nitrogen isomers result. These isomers 
are separable by conventional art -known procedures 
such as fractional crystallization, fractional distil- 
lation, or chromatography. When it is desired that both 
30 nitrogen atoms of the 2-imidazolidinone ring be alkyl 

substituted, the appropriate imidazolidin-2-one is 
reacted with from about 2 molar equivalents to about 10 
nolar equivalents of a base, preferably about 2 molar 
equivalents and from about 2 molar equivalents to about 
35 10 mclar equivalents of an alkylating agent, preferably 

about 2 molar equivalents. Finally, any reactive 
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substituents on the aroyl rings, if present, may become 
alkylated concurrently. That Is, the following X groups 
X=0H, -MHR 3 , S0 2 NH a and unsubstifruted piperazlno, are 
alkylated under identical reaction conditions.. If 
5 desired, the alkylation of the aroyl ring substituents 

may be avoided by the use of suitable protecting groups 
well-known in the art, for example, X=0E or -MHR 3 may 
be benzylated and later deblocked by hydrogenolysis . 

When desired, the nitrogen atoms ox" the 2-imidazoli 
10 dinone ring may be substituted with an alkylcarbcnyl 

or benzoyl group by any suitable art-known procedure. 
Such methods include reacting the N-unsubstituted 
imidazoiidin-2-one of this invention with an acyl halide 
preferably an acyl chloride such as acetyl chloride, « 
15 n-propanoyl chloride, isopropanoyl chloride or benzoyl" 

chloride. Normally, acylation reactions utilizing acyl 
halides employ an acid sponge such as triethylamine or' 
pyridine tc remove any hydrohalide as it is formed. 
Furthermore, the corresponding free acid or acid anhy- 
20 dride may be employed instead of the acyl halides . 

Acylation reactions are generally run without added 
solvent but may be performed using any nonreactive sol- 
vent, for example, petroleum ethers; chlorinated hydro- 
carbons such as chloroform, methylene chloride or carbon 
25 tetrachloride; carbon disulfide; ethereal solvents, 

such as diethylether , tetrahydrof uran or o^dicxan 
or aromatic solvents such as benzene, toluene or xylene. 
The reactions are "allowed *o proceed for about 1 minute 
to about 100 hours, preferably from about 1 hour to 
30 about 10 hours and the temperature may be from about 

-78° to about 150° C, preferably from 0° to 100° C. 
Finally, any reactive substituents on the aroyl rings, 
if present, will become acylated concurrently. That 
is, the following X groups, X=CE, -NHR 3 , -SC 2 NH 2 and 
35 unsubstituted piperazlno , are acylated under identical 
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reaction conditions.. If desired, the acylation of the 
benzoyl ring substituents may be avoided by the use of 
suitable protecting groups well-known in the art, for 
example X=OH or -NHR 3 may be benzylated and later de- 
blocked by hydrogenolysis . 

/ The alkali metal, alkaline earth metal, transition 
metal, main group metal, ammonium or organic ammonium 
salts of the imidazolidin-2-ones of this invention may 
be prepared from a corresponding metal salt for example 
an alkoxide, such as sodium methoxide or sodium ethoxide 
or a hydroxide, such as' sodium hydroxide. These reactions 
may be performed with or without a solvent. Suitable 
solvents are, for example, lower alcohols, such as meth- 
anol, ethanol, isopropanol, n-propanol or n-butanol; 
aromatic solvents, such as benzene, toluene or xylene; 
ethereal solvents, such as diethyl ether, tetrahydrof uran 
or £-dicxan; and halogenated hydrocarbon solvents, such 
as chloroform, methylene chloride or carbon tetrachloride. 
The imidazolidin-2-one and base are allowed to react for 
about 1 minute to about 2*4 hours depending on the reac- 
tants and the temperature which can be from about -78° 
to about 150°C, preferably from about 0° to about 25°C. 

The starting materials of Formula 3 may be prepared 
by any suitable art-known procedure. One such suitable 
procedure, Helv. Chim. Acta 9, 301 (1926), involves 
reacting a protected a-amino-6-carbcxamido-carboxyiic 
acid of formula 5 



wherein R x is as defined above in Formula 1, with an 
oxychloride salt such as barium oxychloride and base 
such as sodium hydroxide. Acid hydrolysis yields the 
2-imidazolidone-^-carboxylic acids . 




H 2 N-C0 



NHCO(alkyl) 



Formula 5 
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The compounds of general Formula 1 may tie used In 
the treatment of cardiac failure including congestive 
heart failure, backward heart failure, forward heart 
failure, left ventricular heart failure, or right ventri- 
5 cular heart failure or in the treatment of any other 

condition which requires the strengthening of heart 
action with a cardiotonic. In many respects these 
compounds possess digitalisr-like action. The compounds 
of general Formula 1 may also be used in the treatment 

10 of hypertension including primary or essential hyperten- 

sion, hormonal ly Induced hypertension, renal hypertension 
and chemically Induced hypertension. 

The utility of Formula 1 compounds as antihyperten- 
sives may be determined by administering the test compound 

15 (50 mg/kg p.o.) to 6 spontaneously hypertensive rats ~ 

(having a systolic blood pressure greater than 150 mm Hg) 
at 50 mg/5 ml/kg using 0.5S methylcellulose as a 
suspending vehicle. A control group of 6 spontane- 
ously hypertensive rats -receive 5 ml/kg of 0.5% me thy 1- 

20 cellulose. Caudal artery blood pressure is recorded via 

a photocell transducer placed over the tail just behind 
the pressure cuff. Three readings cf approximately 2 
minutes are made 1, 2, 3 3 4 and 2a hours after dosing. 
A compound in this test is considered active is the mean 

25 fall in blood pressure Is significantly (p< 0.05) greater 

than control for at least one of the 1, 2, 3, } A or 24 
hour post-drug time periods. 

The utility cf Formula 1 compounds as cardiotonics 
may be determined by administering the test compound 

30 (l-10mg/kg) intravenously, intraperitoneally , intra- 

duodenally or Intragastrically in a suitable vehicle to 
a mongrel dog (either sex) . The test dogs are anesthe- 
tized and prepared by isolating a suitable artery (e.g., 
femoral or common carotid) and vein (e.g., femoral or 

35 external jugular) • introducing polyethylene catheters 

filled wirh 0.13 Heparin-Ma to record arterial blood 
pressure and administer compounds, respectively. The 
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chest is opened by splitting the sternum at the midline 
or by an incision at the left fifth intercostal space, 
and a pericardial cradle is formed to support the heart . 
A Walton-Brodie strain gage is sutured to the right or 
5 left ventricle to monitor myocardial contractile force. 

An electromagnetic flow probe may be placed around the 
root of the ascending aorta for measuring cardiac out- 
put less coronary blood flow. The aorta and vena cava 
are connected to increase the venous return to the heart 

10 or the heart is vascularly isolated from the rest of the 

circulatory system. Heart failure is induced by admini- 
stering sodium pentobarbitol (20-^0 mg/kg injection by 
a constant infusion of 0.25 mg/kg/min) or propranalol 
hydrochloride (h mg/kg injection followed by a constant 

15 infusion of 0.18 mg/kg/min) cr by administering sodium 

pentobarbitol into the blood perfusing the heart. 
Following administration of either of these cardiac 
depressants, the right atrial pressure dramatically 
increases and cardiac output is severely depressed. 

20 Reversal of these effects by the test compound indicates 

cardiotonic activity . 

The compounds may be administered in various manners 
to achieve the desired effect . The compounds may be 
administered alone or in the form of pharmaceutical 

25 preparations to the patient being treated either orally 

or parenterally , that is intravenously or intramuscu- 
larly. The amount of compound administered will vary 
with the severity of the hypertension or cardiac failure 
and the mode of administration. 

30 For oral administration the antihypertensive^ 

effective amount of compound is from about C.01 mg/kg 
("milligrams per kilograms > of patient body weight per day 
to about 500 mg/kg of patient body weight per day and 
preferably from about 1.0 mg/kg of patient body weight 

35 per day to about 50 mg/kg of patient body weight per 

day . 
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For parenteral administration the antihypertensive^ 
effective amount of compound is from about 0,01 mg/kg 
of patient body weight per day up to about 150 tng/kg of 
patient body weight per day and preferably from about 
0.1 mg/kg of patient body weight per day up to about 10. Q 
rag/kg of patient body weight per day. 

For oral or parenteral administration the cardio- 
tonically effective amount of compound is from about 
0.01 mg/kg of patient body weight per day up to about 
500 mg/kg of patient body weight per day and preferably 
from about 0.1 mg/kg of patient body weight per day up 
to about 50.0 mg/kg of patient body weight per day. 

For oral administration a unit dosage may contain, 
for example, from 1 to 500 mg of the active ingredient. 
For parenteral administration a unit dosage may contain, 
for example, from 1 to 50 mg of the active ingredient. 
Repetitive daily administration of the compounds may be 
"desired and will vary with the condition of the patient 
and the mode of administration. 

As used herein the term patient is taken to mean a 
warm blooded animal, for example, birds, such as chickens 
and turkeys, and mammals, such as primates, humans, sheep, 
horses, bovine cows and bulls, pigs, dogs, cats, rats 
and mice . 

For oral administration the compounds can be formu- 
lated into solid or liquid preparations such as capsules, 
pills, tablets, troches , powders, solutions, suspensions 
cr emulsions. The solid unit dosage forms can be a cap- 
sule which can be of the ordinary gelatine type contain- 
ing, for example, lubricants and inert fillers, such as 
lactose, sucrose and cornstarch. In another embodiment 
the compounds of general Formula 1 can be tableted with 
conventional tablet bases such as lactose, sucrose a~d 
cornstarch in combination with binders, such as acacia, 
cornstarch cr gelatin, disintegrating agents such as 
potato starch or alginic acid, and a lubricant such as 
stearic acid cr magnesium stearate. 
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For parenteral administration the compounds may 
be administered as injectable dosages of a solution or 
suspension of the compound in a physiologically accept- 
able diluent with a pharmaceutical carrier which can be a 
sterile liquid such as water and oils with or without the 
addition of a surfactant and other pharmaceutically 
acceptable adjuvants. Illustrative of oils which can be 
employed in these preparations are those of petroleum, 
animals, vegetable, or synthetic origin, for example, 
peanut oil, soybean oil, and mineral oil. In general, 
water, saline, aqueous dextrose and related sugar solu- 
tions, ethanol and glycols such as propylene glycol or 
polyethylene glycol are preferred liquid carriers, par- 
ticularly for injectable solutions. 

The compounds can be administered in the form of a 
depot injection or implant preparation which may be 
formulated In such a manner as to permit a sustained re- 
lease of the active Ingredient. The active ingredient 
can be compressed into pellets or small cylinders and 
implanted subcutaneously or intramuscularly as depot in- 
jections or implants. Implants may employ Inert materials 
such as biodegradable polymers or synthetic silicones, 
for example, Silastic, silicone rubber manufactured by 
the Dow-Corning Corporation. 

The following are illustrative examples of the prepa- 
ration and use of the compounds of this invention. 

EXAMPLE 1 

{LriJL ^-Dimethoxybenzcyl) -5-ethyl-2-imidazolidinone 

In 100 g P?A are suspended 15.3 g 4-ethyi-2-oxoimi- 
dazolidine-5-carboxylic acid and 13.3 g 1 , 2-dimethoxy- 
benzene. The mixture is rapidly stirred and heated for 
5 hours at 100° C. The reaction mixture is quenched with 
water and the product separates as a solid. The sella 
is collected and washed with water and dried. Purifica- 
tion is effected by chromatography over silica gel. 
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EX AMP LIT 2 

U-rsoprouyl-5-benzoyl-2-imidazolidinone 

Following the procedure of Example 1 but sub- 
stituting 4-iscpropyl-2-oxo-imidazolidine-5-carboxyllc 
acid for 4-ethyl-2-rOxo-imidazolidine-5-carboxylic acid 
and substituting benzene for 1 3 2-dimethoxybenzene gives 
the title compound. 

EXAMPLE 3 

4- Ethyi-5-(^-methcxybenzoyl)-2-imidazoiidinone 

Following the procedure of Example 1 but sub- 
stituting methoxybenzene for 1, 2-dimethoxybenzene , gives 
the title compound. 

EXAMPLE U 

5- Prooyl-k-furoyl-2-imidazolidinone 

In 10 g ??A are placed 1.72 g n-propyl-2-oxo- 
imidazolidine-5-carboxylic acid and 0.63 g furan. The 
mixture is heated and stirred at 8'0°C for 10 hours, cooled 
and quenched with water. Extraction with chloroform 
followed by evaporation of solvent gives the title com- 
pound. 

EXAMPLE 5 

k-?rcpyl-5-( U-benzyloxybenzcyiy-2-imidazolidinone 

Following the procedure of Example U but sub- 
stituting benzyloxybenzene for furan gives the title 
compound. 

EXAMPLE 6 

5-Ethyl- a -( ^-f luorobenzoyl) -2-imidazolidincne 

In 100 g FFA are suspended 15-3 g 4-ethyl-2-cxo- 
imidazolidine-5-carboxylic acid and 1Q g f luorobenzene . 
The mixture is heated to 100° C for 10 hours with rapid 
stirring and poured into water. The product separates 
and is collected. 

EXAMPLE 7 

E-Ethyl-^-C4-chlcrobenzoyl) -2-imidazolidincne 

Following the procedure of Example 5 but sub- 
stituting chlorobensene for f luorobenzene gives the 
title compound ^ 
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EXAMPLE 8 

4-Ethyl-5-C k-(l-piperidinyl)benzoyl]--2^1midazolldinone 

A suspension of 1Q g of 5^ethyl-r4- f4-f luorobenzoyl )- 
2-imidazolidinone in 30 ml piperidine is stirred at re- 
flux for 24 hours. Excess piperidine is evaporated under 
reduced pressure and the residue is purified by crystal- 
lization from alcohol. 

EXAMPLE 9 

1 » 3-Piethyl-5-methyl-4-( 4-chlorobenzoyl >-2-imidazolidinone 

In 100 ml DM? is placed 24.95 g 5-methyl-4-( 4- 
chlorobenzoyl)-2-im±dazolidinone and 4,8 g sodium hydride. 
To the well stirred mixture is added 31 g ethyl iodide. 
The mixture is stirred and heated at 8Q°C for 2 hours, 
cooled and quenched with water. Extraction with ether 
affords the title compound, 

EXAMPLE 10 

4-Isopropyl-5-( phenylthioxomethyl) -2-imidazolidinone 

To a stirred mixture of 10 g of 4-isopropyl-5- 
benzoyl-2-imidazblidone in 100 ml toluene is added 10 g 
phosphorus pentasulf ide . The mixture is stirred, 
refluxed for 24 hours and the solvent is evaporated. The 
residue is purified by crystallization to give the title 
compound . 

EXAMPLE 11 

1 , 3-Diacetyl-4-ethyl-5-( 4-methoxybenzcyl )-2-imidaz- 
olidlnone 

A solution of 10 g of 4-ethyl-5-< 4-methoxybenzcyl) - 
2-imidazolidincne in 100 ml acetic anhydride is stirred 
at reflux for 5 hours after which the excess solvent is 
evaporated* The residue is purified by chromatography. 

EXAMPLE 12 

1 , 3-Dimethyl-4-oropyl-«5- C4-hydroxybenzoyl ] -2-imidaz- 
ol J dlnone 

A solution of 33.8 g 4-p r opyl-5-( 4-benzyloxybenzoyl 
2-imidazolidincne in 150 ml DMP is treated with ^.8 g 
sodium hydride. The solution is then treated with 28.4 g 
methyl iodide and is heated to 10Q°C for 5 hours. The 
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reaction solution is treated with water and extracted 
with ether. Evaporation of solvent affords 1 ,3-dimethyl- 
^-propyl-5-CU-faenzyloxybensoyl)-2-imidazolidinone which 
is purified by crystallization from alcohol. 
5 l,3-dimethyl-M-propyl-5-C4-benzyloxybenzoyl)-2- 

imidazolidinone CIO g} is dissolved in 100 ml ethanol and 
the reaction flask charged with 100 mg 102 pallidium on 
charcoal. The mixture is hydrogenated at atmospheric 
pressure until 1 equivalent of hydrogen is consumed. 
10 After filtration and evaporation of solvent the title 

compound is obtained. 

EXAMPLE 13 
Preparation of a Tablet Formulation 

Per Tablet 

15 a) ^-03,**-dimethoxybenzoyl)-5-ethyl- 1°° r m S 

2-imidazolidinone 

b) Cornstarch 15 mg 

c) Lactose 35*5 mg 

d) Magnesium stearate 1.5 mg 
20 EXAMPLE 

Preparation of a Parenteral Formulation 

a) U-ethyi-5-C*i-methoxybenzoyi)-2- 1.0C0 g 
imidazolidinone 

b) Polyoxy ethylene scrbitan mcnooleate 2.000 g 
25 c) Sodium chloride 0.128 g 

d) Water for injection cs ad 20.0000 ml 
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CLAIMS FOR ALL DESIGNATED STATES EXCEPT AUSTRIA 



1. A compound of the structure 



T 



5 




O 



wherein Ar is fur any I , thienyl, IH-pyrroiyl, phenyl, 
monosubstituted phenyl substituted at the ortho, met a or 
para position with X x , or disubstitut ed phenyl substituted 
10 ar the ortho, n-eta or para position with X 2 and substi- 

tuted at the meta or para position with X 3 j X : is halogen, 
hydroxy, lower alkyl, lower alkoxy, lower alkylthio, 
lower alkylsulf oxide , lower alkylsulf one , trif lucromethyl, 
-S0 2 N("R 2 ) 2 , NR 3 Ru , pyrrolidine, piperidino, morpholino, 

15 piperazino or N 1 -alkyl-piperazino ; X 2 and X 3 are each 
halogen, hydroxy, lower alkyl, lower alkoxy or when X 2 
and X 3 are substituted on adjacent carbon atoms of the 
phenyl ring together they may form a methylenedioxy ; R 
is hydrogen, lower alkyl, lower alkylcarbonyl , or benzoyl; 
each of R Xj R 2 , R 3 and R* is hydrogen or lower alkyl; 

20 T is an oxygen atom or a divalent sulfur atom; and the 
pharmaceutical^ acceptable salts thereof. 

2. A compound of claim I wherein R is hydrogen and 
T is an oxygen atom. 

25 
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3. A compound of claim 2 wherein X^ is halogen, 
lower alkyl, lower alkoxy or lower alkyltio. 

4. A compound of claim 2 wherein X 2 and X 3 are each 
halogen, lower alkyl, lower alkoxy, lower alkylthio or 
when X 2 and X 3 are substituted on adjacent carbon atoms 
together they may form a methylenedioxy. 

5. A compound of claim 2 wherein Ar is phenyl or 
monosubstituted phenyl substituted at the ortho, meta or 
para position with methyl, ethyl, methoxy, ethoxy or 
methylthio. 

6. A process for the preparation of an aroylimidazo- 
lidin-2-one of the formula 



wherein Ar is furanyl, thienyl, IH-pyrrolyl, phenyl, 
monosubstituted phenyl substituted at the ortho, meta or 
para position with X^, or disubstituted phenyl substitu- 
ted at the ortho, meta or para position with X 2 and 
substituted at the meta or para position with X^; X^^ is 
halogen, hydroxy, lower alkyl, lower alkoxy, lower 
alkylthio, lower alkylsulf oxide, lower alky Isulf one , 
trif luoromethyl , -S0 2 N(R 2 ) 2 , NR^R^ , pyrrolidino, piperi- 
dino, morpholino, piperazino or N f -alkyl-piperazino; X 2 
and X 3 are each halogen, hydroxy, lower alkyl, lower 
alkoxy or when X 2 and X 3 are substituted on adjacent 
carbon atoms of the phenyl ring together they may form a 
methylenedioxy; R is hydrogen, lower alkyl, lower alkyl- 
carbonyl, or benzoyl; each of R^, R 2 , R 3 and R 4 is hydro- 
gen or lower alkyl; T is an oxygen atom or a divalent 
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sulfur atom; and the pharmaceutical!/ acceptable salts 
thereof; which comprises reacting an imidazolidine 
carboxylic acid derivative of the formula 



wherein 1^ is as defined above, with furan, thiophene , 
pyrrol or benzene or substituted benzene and polyphospho- 
ric acid; when it is desired that T be a divalent sulfur 
atom, reacting the thus formed product wherein T is an 
oxygen atom, with phosphorus pentasulf ide ; when it is 
desired that R be other than hydrogen, reacting the thus 
obtained formed product wherein R is hydrogen, with an 
acyl halide or an alkylating agent; when a pharmaceuti- 
cally acceptable salt is desired, reacting the thus 
formed product with a metal basic salt and isolating the 
aroylimidazolidin-2-one therefrom. 

7. A process for the preparation of an aroylimida- 
zolidin-2-one of the formula m 



wherein Ar is furanyl, thienyl, lH-pyrrolyl, phenyl, 
monosubstituted phenyl substituted at the ortho, meta or 
para position with X^ , or disubstituted phenyl substitu- 
ted at the ortho, meta or para position with X 0 and 
substituted at the meta or para position with X^; X^ is 
halogen , hydroxy, lower alkyl, lower alkoxy, lower 




o 



T 
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alkylthio, lower a Iky 1 sulfoxide , lower alkylsulfone , 
trif luoromethyl, - S 0 2 N * R 2*2' NR 3 R 4' pyrrolidine, piperi- 
dino, morpholino, piperazino or N f -alkyl-piperazino; X 2 
and are each halogen, hydroxy , lower alkyl, lower 
alkoxy or when X 2 and X^ are substituted on adjacent 
carbon atoms of the phenyl ring together they may form a 
methylenedioxy ; R is hydrogen , lower alkyl, lower alkyl- 
carbonyl, or benzoyl; each of R^, R 2 , R3 and R 4 is hydro- 
gen or lower alkyl; T is an oxygen atom or a divalent 
sulfur atom; and the pharmaceutically acceptable salts 
thereof; which comprises reacting an imidazolidine 
carboxylic acid of the formula 



wherein R is lower alkylcarbonyl , Y is bromine , iodine , 
or chlorine and R 1 is as defined above, with furan, ~ 
thiophene, pyrrol or benzene or substituted benzene and a 
Lewis acid catalyst; when it is desired that R be hydro- 
gen, hydrolizing the thus formed product wherein R is 
lower alkylcarbonyl; when it is desired that R be a lower 
alkyl or benzoyl, reacting the thus formed product 
wherein R is hydrogen, with a benzoyl halide or an 
alkylating agent; when it is desired that T be a divalent 
sulfur atom, reacting the thus formed product wherein T 
is an oxygen atom, with phosphorus pentasulf ide; when a 
pharmaceutically acceptable salt is desired, reacting the 
thus formed product with a metal basic salt; and isola- 
ting the aroylimidazolidin-2-one therefontu 



O 




8. A compound of claim 1 for use as a medicament. 
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9. A compound as in claim 1 for use in the treatment 
of heart failure. 

10. A compound as in claim 2 for use in the 
treatment of heart failure. 

5 

11. A compound as in claim 3 for use in the 
treatment of heart failure. 

12. A compound as in claim 4 for use in the 
10 treatment of heart failure. 

13. A compound as in claim 5 for use in the 
treatment of heart failure. 

15 14. A pharmaceutical composition containing at least 

a compound of claim 1 in admixture with a pharmaceutic 
cally acceptable carrier. 



20 



25 



30 
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CLAIMS FOR AUSTRIA 



1. A process for the preparation of an aroylimida- 
zolidin-2-one of the formula 



Rl 




T 

^Ar 
N N 

S Y N 

wherein Ar is furanyl, thienyl, iH-pyrrolyl, phenyl , mono- 
substituted phenyl substituted at the ortho, meta or para 

10 position with X]_, or disubst ituted phenyl substituted at 

the ortho, meta or para position with X2 and substituted 
at the meta or para position with X3 ; X^ is halogen, 
hydroxy, lower alkyl, lower alkoxy, lower alkylthio, lower 
alkyl sulfoxide, lower ai kylsulf one , tr if luoromethyl , 

15 -SC>2N(R2)2/ NR3R4, pyrrolidino, piper idino, morpholino, 

piperazino or N 1 —alkyl— piper azino ; X2 and X3 are each 
halogen, hydroxy, lower alkyl, lower alkoxy or when X2 and 
X3 are substituted on adjacent carbon atoms of the phenyl 
ring together they may form a methylened ioxy ; R is hydro- 

20 gen, lower alkyl , lower alkylcarbonyl , or benzoyl; each of 

Rl, *2 , R3 and R4 is hydrogen or lower alkyl; T is an 
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oxygen atom or a divalent sulfur atom; and the pharmaceu- 
tical^ acceptable salts thereof; which comprises reacting 
an imidazolidine carboxylic acid of the formula 



wherein Ri is as defined above, with furan, thiophene, 
pyrrol or benzene or substituted benzene and poly- 
phosphoric acid; when it is desired that T be a divalent 
sulfur atom, reacting the thus formed product wherein T is 
an oxygen atom, with phosphorus pentasulf ide ; when it is 
desired that R be other than hydrogen, reacting the thus 
formed product wherein R is hydrogen, with an acyl halide 
or an alkylating agent; when a pharmaceutical^ acceptable 
salt is desired, reacting the thus formed product with a 
metal basic salt and isolating the aroylimidazolidin-2-one 
therefrom, 

2* A process according to claim 1 wherein R is hy- 
drogen and T is an oxygen atom* 

3. A process according to claim 1 wherein R is hy- 
drogen, T is an oxygen atom, and X^ is halogen, lower 
alkoxy or lower alkylthio. 

4. A process according to claim 1 wherein R is hy- 
drogen, T is an oxygen atom, and X2 and X3 are each halo- 
gen, lower alkyl, lower alkoxy, lower alkylthio or when X2 
and X3 are substituted on adjacent carbon atoms together, 
they may form a methylenedioxy . 

5- A process according to claim 1 wherein R is hy- 
drogen, T is an oxygen atom, and Ar is phenyl or mono- 
substituted phenyl substituted at the ortho, meta or para 
position with methyl, ethyl, methoxy, ethoxy or methyl - 

thio. 




H 



N N 

/ Y ^ 

0 



H 
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6. A process for the preparation of an aroyPi?i?cfa^O 



zolidin-2-one of the formula 



25 



T 

*1. 




Ar 

wherein Ar is furanyl, thienyl, IH-pyrrolyl, phenyl/ mono- 
substituted phenyl substituted at the ortho, meta or para 

lO position with Xi, or disubst ituted phenyl substituted at 

the ortho, meta or para position with X2 and substituted 
at the meta or para position with X3; Xi is -halogen, hy- 
droxy, lower alkyl, lower alkoxy, lower alkylthio, lower 
alkyl sulfoxide , lower alkyl su If one , trif luoromethyl r 

15 -S02N(R2)2' NR3R4 , pyrrolidino f piperidino, morpholino, 

piperazino or N* -alkyl-piper azino; X2 and X3 are each 
halogen, hydroxy, lower alkyl, lower alkoxy or when X2 and 
X3 are substituted on adjacent carbon atoms of the phenyl 
ring together they may form a methylenedioxy ; R is hydro- 

20 gen, lower alkyl, lower alkylcarbonyl , or benzoyl; each of 

R l* R 2' R 3 an( 3 R 4 is hydrogen or lower alkyl; T is an 
oxygen atom or a divalent sulfur atom; and the pharraaceu- 
tically acceptable salts thereof; which comprises reacting 
an imidazolidine acid halide of the formula 



0 

*1. 




Y 



r/ T Xr 

30 wherein R is lower alkylcarbonyl, Y is bromine, iodine or 

chlorine and R^ is as defined above, with furan, thio- 
phene, pyrrol or benzene or substituted benzene and a 
Lewis acid catalyst; when it is desired that R be 
hydrogen, hydrolyzing the thus formed product wherein R is 
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lower alkylcarbonyl ; when it is desired that R be a lower 

alkyl or benzoyl, reacting the thus formed product wherein 

R is hydrogen, with a benzoyl halide or an alkylating 

agent; when it is desired that T be a divalent sulfur 

atom, reacting the thus formed product wherein T is an 

oxygen atom, with phosphorus pentasulf ide; when a 

pharmaceutical^ acceptable salt is desired, reacting the 

thus formed product with a metal basic salt; and isolating 

the aroylimidazolidin-2-one 'therefrom* 

7. A process according to claim 6 wherein R is hy- 
drogen and T is an oxygen atom. 

8, A process according to claim 6 wherein R is hy- 
drogen, T is an oxygen atom and X^ is halogen, lower 
alkyl, lower alkoxy or lower alkyl thio. 

9- A process according to claim 6 wherein R is hy- 
drogen, T is an oxygen atom and X2 and X3 are each, halo- 
gen, lower alkyl, lower alkoxy, lower alkyl thio or, when 
X2 and X3 are substituted on adjacent carbon atoms, 
together they may form a methylenedioxy . 

10* A process according to claim 6 wherein R is 
hydrogen, T is an oxygen atom and Ar is phenyl or mono- 
substituted phenyl substituted at the ortho, meta or para 
position with methyl, ethyl, methoxy, ethoxy or methyl - 
thio. 
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